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hexandrum and its antitumor action mechanism
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Abstract: Objective To establish the preparative isolation technique of grahislactone A from the fruits of Sinopodophyllum
hexandrum, and to investigate the action mechanism for apoptosis induction of graphislactone A in MCF-7/ADR cell line (human
breast adencarcinoma cell line). Methods The fruits of S. hexandrum were extracted under ultrasound by EtOAc. Graphislactone A
was enriched by silica gel column chromatography, and then purified by recrystallization. The cytotoxic activities of graphislactone A
were tested against MCF-7 and MCF-7/ADR cell lines by MTT. The apoptosis of MCF-7/ADR cell line was evaluated by flow
cytometry. RT-PCR was used to detect the expression of apoptosis-related genes in MCF-7/ADR cell line. Expression of P-gp in
MCF-7/ADR cell line was investigated by western blotting. Results Graphislactone A was isolated from the fruits of S. hexandrum,
which showed the potent cytotoxic activities against MCF-7 and MCF-7/ADR cell lines, with 1Cs, values of 2.38 and 9.35 umoli/L,
respectively. With the increased dose of graphislactone A, the expression levels of p53, bax, caspase-3 genes were up-regulated, while
bcl-2 and P-gp down-regulated in MCF-7/ADR cell line. Conclusion Graphislactone A as phenolic compoundswas firstly found in
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higher plants. The preparative isolation has the advantages of high-efficiency, high sample recovery, and high-purity compared with
etoposide. Graphislactone A showed strong cytotoxic activities and apoptosis induction action in MCF-7 and MCF-7/ADR cell line.
Key words: fruits of Sinopodophyllum hexandrum (Royle) Ying; graphislactone A; isolation and preparation; cytotoxic

activities; multidrug resistance; breast cancer; cell apoptosis
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Sinopodophyllum hexandrum (Royle) Ying T4k
RS, VRG2S, T (PRRAEL) (W
WA (HEZi2) SEARRZA Y, AATEMINE
W, WHTMS. WM. s, e, JGe
iy JASEAR R RRAER. Graphislactone A &
R RAEY), NG SW1116 H A7 41
BT, 1Cso (0 8.5 pg/mL!, [rlif i A i,
EIE N SN 117N S B B S N 11 a5 (8K T e
Mo #IEHTT, ZAEW A RITAEY) gk
L, RIS B AR A, e KB, AR
L /N3 R 43 B 4% graphislactone A, W EZ L
X FLR A0 L MCF-7 R L IR i 2 2 it 25 410 e
MCF-7/ADR [ fazeidi e, RO R FLIE 2
241t 2541 i MCF-7/ADR i S8 1T I4E KL .
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1.1 RAFIEE

200 GFasas AEIERENR (200~300 H,
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“HIEEK (DMSO, KDY ARG 440 i A FRA
7]); RPMI 1640 £iFRFEFIG4-ML3E (32 Gibco
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B TAES (R EIERA A RD; Model
680 fifEbri% (5E[E Biorad A7) ); XD-101 {8 & 1
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22 B H R 2 K A AR 2 A O I R S
J/NBERIEE LB E PPk )L Sinopodophyllum
hexandrum (Royle) Ying [ FJ5 i 2  52 s ARFTIA T
GrEHZifRA R, #it'5 B1K1512008); [i%iz
CLVG s DL A R A F], it 02140701),
1.3 4HAm

LA IRk MCF-7 FI N FUNYE 2 24 240 i
Pk MCF-7/ADR i [l B& 2Rl B 2 it S it
2 Hik
2.1 graphislactone A B4 B34 &
2.1.1 HHEEHUMIEIE  NHEZR 5 kg B, o
40 HIfE, SFRXH/NHERE 10 {52 BT LN
PRI 3 I, $REUN 43 )0 1.04 0.5, 0.5 h, #¢
R R 45 °C, A IFEEIR CBS UK, WR R4,
RI7 NS (78 @)
2.1.2 TEEAEIEYIS SR NS A
AR (70 cmX 6.cm) 405, AR
100 : 10 100 : 20 (1A it lk- TR ) 2R e 00 AT o
i, BE—FRREH 2 L YEMG, AR SN 4 mL/min,
WCHE A k- P AR EE 2 100 20 BERGR 4, 45 °C
PR AE 0 PR T R S A, DR S R R
15 h, PO, ZmEE NI RS, IS
graphislactone A (62 mg, JFi /%% 99.3%).
2.2 MTT MM AEIE5E

MCF-7 253 T34 10%Z I #CK g G
A1y 100 U/mL F 8%, 100 pg/mbL 8% =1
RPMI 1640 £5 #2394, 157380 & T 37 "C.5% CO,
WIRVR SR TR, B 1~2 RIEIEFHM 1 Ik
20 f A K B DA 55 R RE (1) R o R T N,
0.25% e (I 1L, 4%, MCF-7/ADR 4 i fr %
1.0 pg/mL B 75 2 ) RPMI 1640 1573 % 4 AL A4T
g%, SCIGHT 2 o ok A 2 1 RPMI 1640 553
FREIR.
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100 pL (% 4 000 AMRi4i i), ‘& 37 ‘C. 5% CO,
BFAE . IH, BN S A AR ER
graphislactone A [FFE, RIS 6 MK
(40, 20. 10. 5. 2.5, 1.25 umol/L) 4, Hi# %/
W 3 ANPAT AL X BRALINN 5 45 29 4 SRR R 571
H 37 ‘C. 5% CO, ¥igefih ii 5. 2d Ja i 7l
FEFLIN 50 ul (1 mg/mL) MTT %R (B FR3EECHD,
37 CW¢E 4h, 7% B3, &FLIMA DMSO 200
ul, BEWRGEAE . BV EREK 490 nm
ZAFTFIEWICE (A fH, LA B AL R 40
R 0T R, THER 0T G ) G BE A A, AR
THERLAT BI85 7% P52 1) 14 BE A i) %3d ik SPSS 18.0 #%
PEALBRAF B HENEIRFE (ICs), HAEMIA 3 Ik,
WP E e 2 5 R

PETEANHI R = (A a—A )/ (A sm—A )
2.3 FRENLRAEAR A A A E T

IO 4 K3 MCF-7/ADR 41, 35 2:k59%
i, 2mLPBS ¥t 2 IKJ5, IAJEEF-EDTA 1 mL ¥
16 3 min, H 2 mL 4 o8 AR R4kt Ga
40 R ELHRAT 40 80841, WS B W T Y
T4 3853 53 OB, H40 BAvAE N 5 mL &0
i, 1000 r/min B0 5 min, FF EIEW. DDAGE
AR R TR E R DU AN, 40 P
6 fLEH, dlffugh 5X10° A, BHREHE, DA
A E (1. 5. 10 pmol/L) ) graphislactone A {f
-+ MCF-7/ADR 4, % 3 AFAT, [FIR3x
4 (7L, KiFE 48 hm, JC EDTA JEEN 1L,
ARSI, 1 500 r/min 50> 5 min, PBS ¥t 1K,
R4 T 75% 40 4 ClEE . H% PBS Paik
41 1 Y% H 200~500 pL ¥ PBS F &4 A
20 uL RNase A Solution, 37 ‘C7K#t 30 min. 400 H
P BERL . I 400 L Pl 449, BRI G 4 C,
WEEIT ' 30~60 min. FENAN MG, ¥R B
1 488 nm ALATI,  [FIRPASIUSGHUR S L. R
1 ST 0 DNA & 5230 B FOGEUR 2347
2.4 RT-PCR Z#MATHEXERRKIE

PAAS[E]H (0. 1. 54 10 pmol/L) graphislactone
A fEHT MCF-7/ADR 4ifi{d 24 h J5, HEFRIN
MCF-7/ADR 4ifd, KFH Trizol &5 e H 4
MLE RNA, FERII RNA 2l f 5241, cDNA
()75 B A 0 SR AR i W 1533847 . PCR 1810,
FE/7: B-actin 54FIEF N 94 °C. 3min; 94 C. 1
min, 57 ‘C.30s, 72 ‘C. 1 min, 30 M, 72 C.

5 min; P53 41Fi% £k 94 °C. 3 min; 94 “C.1min,
57 ‘C. 30s, 72 ‘C. 5 min, 28 Mk, 72 C.
10 min; bel-2 4&¢Fi%E#0 94 'C. 3min; 94 C. 1
min, 57 ‘C.1min, 72 °C.1min, 30 M&#, 72 C.
5min; bax &% H 94 . 3min; 94 ‘C. 1 min,
57 ‘C. 45s, 72 ‘C. 3min, 30 ME¥K, 72 C. 5
min; caspase-3 &fFiE#H 94 “C. 3min, 94 C.
45s, 58 ‘C. 45s, 72 ‘C. 45s, 30 MR, 72 C.
5min. M B-actin (1) mRNA ¥ 544 N 2
2.5 Western blotting ;£ P-gp EHBIFRIX

HUARTA#RE (0. 1. 5. 10 umol/L) graphislactone
A TEHIT MCF-7/ADR 4ii}fl, 24 h 5S84 i s
AL, B ERRI AR, 4 BiE, HUKPBS
THVE 2 K, IINGH MO ZRAAM, vk E 2R 30 min (ff
8 P EE AR A) 1 %), 12 000 r/min 5.0 20 min,
i, BCA Vg s A, SDS-PAGE HLykiE
FEs G, BB, mAEME, H—Pudi, —Hi2h
ELSRTe
26 FitEHSH

T Hedls KT SPSS 18.0 45 i 43 M i i3k 47 4
BT, DAX+s KR, 4125 R SRR 2207 %50 HT
3 #R
3.1 graphislactone A £

Tote i ih CREE), 155 236~237 ‘C. {EERAMT
254 nm FEIEHE, 10%6MR CREA R E. —H k-
PRE AL B, R A R .
HR-ESI-MS % HH#fE 5+ 316 m/z 303.087 2 [M+H]"
(V15541 303.086 9), fiffiE 4> 1A CigH1406, AL
¥4 10, *H-NMR (500 MHz, DMSO-dg) i 2 AN
EIETTES 63.89 (3H, )« 3.90 (3H, 5); 1 ANkt
MEEM IR 755 02.69 3H, 5); AL 3 MAUR
TM5'5 06.60 (1H, d, J = 2.0 Hz), 7.20 (1H,d, J=2.0
Hz), 6.91 (1H, s); 2 MR 55 0 11.85 (1H, s),
9.20 (1H, s). C-NMR (125 MHz, DMSO-dg) 75 16
MAE 7, BT 2 MBS S 0 55.7. 55.9 A1
MNEIGHADER LRGS0 24.6 Z4h, BAFE 12
ANFSEAT A 1AW BRGS0 164.4. AR
AR 6 7.20 (1H, d, J = 2.0 Hz, H-10) 5 6 132.2
(C-10a). 98.4 (C-6a). 110.4 (C-10b) (X HMBC #i%,
KU 2 DA A - . IS AN
R 10, o 2 N2EIR (8 MAFIED) . 1 AW TE
BIL L AMAEFNED  HEM S50 81T NAFLE L ANES
2 ANHI%E 5 3.89 (3H, s). 3.90 (3H, s) 551481
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(C-3). 165.9 (C-9) f] HMBC #%, %] 2 AN HI4 AL
535 3 LA O A HRAHIE o HH IR 6 2.69 (3H, S)
15 §126.1 (C-1) Y1 HMBC AH%, RIAHEEE 1 A7
%, %A1 H-NMR, ®C-NMR 1% 5 it
HSQC. HMBC i 4T IH)E (% 1. 53ckifiut®
' graphislactone A [ FIRR G B o RS A
2, ezt G400 graphislactone A,
3.2 % MCF-7 #1 MCF-7/ADR 4B H4RRE S5 14
M 2 ATLAFE Y, graphislactone A 3L 41
Jfl MCF-7 TR 22 24T 24541 s MCF-7/ADR HA7
%1 graphislactone A RY#&HREEIHEYIE (500 MHz, DMSO-d)
Table 1 NMR (500 MHz, DMSO-dg) assignments of
graphislactone A

% 2 Graphislactone A 3 MCF-7 1 MCF-7/ADR #ARf&)
MPpEEEM (X £s,n=23)

Table 2 Cytotoxic activities of graphislactone A in MCF-7
and MCF-7/ADR cell line (X £s,n=3)

FE, ICso/(umol-L ™) fiif 24
MCF-7 MCF-7/ADR 54

graphislactone A 2.38+0.19 9.35+0.61 3.93
(ERRIERE] 3.17+025  32.99+3.07 10.41

BRI AN B EEIE T, 1Cs0 E53 314 2.381,9.35 pmol/L,
Bz s 1B B2 KHTIR T . Graphislactone A
X Ji R 4 5 1 40 B R A R AP R, R I
BN A (HVEC) (4 B #:im ¥ 1Cs R T
100 pmol/L, Jo kit vtk AR FTLE A . FL
IfJE 2 25 25 41 8 MCF-7/ADR X 4% 46 91 47

frE % On graphislactone A [¥ifiy 255443 % 10.41. 3.93. H
) oo ser e SR L, graphislactone A fiE 45 152 LI 2 26
3 148'15 ' ' md 2 40 i m 2y, HoOXF 2 2 i 2 4l e
A 140'55 MCF-7/ADR A4 H B8 & T IR 2 N 1

' [ E SR
4a 137.9s -
6 1644 < 3.3 ¥ MCF-7/ADR ZRAE TR0
o 98'4 . Graphislactone A £/l MCF-7/ADR 48 h J&5, 1
., L6ads TS AR, W 1. 2 1 pmol/L 1
8 99'40' 6.60 (LH, d, J = 2.0 H2) graphislactone A /4] 48 h J5, MCF-7/ADR 4l i}
o 1659 o T2 CRATE TR T %k 15.95%. B 254
10 1037d 720 (1H, d, 3= 2.0 Ho) WIERII,  MCF-7/ADR 4 T-# h 15.95%
108 1322 T1E30.29%, SHL € IR .
10b 1104 s 3.4 ¥ MCF-7/ADR 4T X EE RERZ M
1 246 q 269 3H, 5) SRR FE1F) graphislactone A (1. 5. 10 umol/L)
3-OCH, 559q  3.89 3H,S) 1T SLIE 2 2510 2540 s MCF-7/ADR 24 h )5,
9-0CH, 55.7 4 3.90 3H. 5) 41 ffirb p53. bax. caspase-3 A [ #Ik ik, HF#
4-OH 9.20 (1H, 5) HWIRE Y N,  LURAE SR, 41 bel-2
7-OH 11.85 (1H, ) FERMRE TR, AR, FIREE
3o, ARG W3 3 FE 2,
4 104,Q1 Q2 104,Q1 Q2 104—Q1 Q2
S{112% e 4819 ,1251% % ,]10.3% 8.41%
10° . 10°4 ‘ 103
x 107+ 10%4 104
- ' 10y ' 1014
Q3 1Q Q3 1Q Q3
AT% | o 8T onaw | oirion o 121% | o[B8 L 1 200
10° 10* 10° 2 10°  10* 10° 108 102 10° 10* 10° 10' 102 10° 10
X I graphislactone A 1 umol-L™* graphislactone A5 umol-L* graphislactone A 10 umol-L ™

FL1-H

1 Graphislactone A ¥ MCF-7/ADR 4 A TR 220
Fig. 1 Effect of graphislactone A on apoptosis in MCF-7/ADR cell line
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% 3 Graphislactone A 3 MCF-7/ADR #Hffl p53. bcl-2. bax. caspase-3 ZEF1 P-gp EEFRIERIFM (X £s,n=3)
Table 3 Effect of graphislactone A on expression of p53, bcl-2, bax, caspase-3 gene, and P-gp protein in MCF-7/ADR cell line

(Xxs,n=3)
a FERAHNT 15 5%
g C/(umol L) (P-gp/GAPDH)/%
p53/B-actin bcl-2/B-actin bax/p-actin caspase-3/B-actin
o} 1 — 1357+1.12 39.574+3.02 11.35+1.06 8.74+0.65 98.06+7.61
graphislactone A 1 17.26+1.49" 33844206  17.40+153"  14.88+1.07"  44.91+350"
5 36.15+2.04"  20.19+1.85"  2581+239"  33.75+230"  31.42+287"
10 39.10+2.83"  17.36+0.93"  38.72+3.25"  40.61+3.92"  16.39+1.33"

xRt "P<<0.01

P < 0.01 vs control group

p53

bcl-2

bax

caspase-3

B-actin

X 1 5 10

graphislactone A/(umol-L %)

2 Graphislactone A % MCF-7/ADR 4B ET-fE%
E @ p53. bel-2. bax. caspase-3 FRiAHIFM

Fig. 2 Effect of graphislactone A on expression of apoptosis-
related genes p53, bcl-2, bax, and caspase-3 in MCF-7/ADR
cell line

35 %t P-gp EARIEHIEM

AR FE1F) graphislactone A (1. 5. 10 pmol/L)
VER T3 2 251 2540 /s MCF-7/ADR 24 h )5,
graphislactone A 7 F#{IG P-gp £ 1R IE KT [
(£ 3 MK 3), W] graphislactone A ] it il il 411k
P-gp & 1 3K 38 ok ¥ % 3L 2 2 it 25 40 e
MCF-7/ADR (112 24 2 .

e — ——— P_gp

. S A ewam  CAPDH
X 1 5 10
graphislactone A/(umol-L %)
3 Graphislactone A ¥} MCF-7/ADR #BAfl P-pg &H
FIXHFE I
Fig. 3 Effect of graphislactone A on protein expression of P-pg
in MCF-7/ADR cell line

4 e

BUALINAE K B AR T B e R R 3R AE T T
T 3L 0 P e DR B EG 7 g R 4 O A Y — R
FP AN R AE TR I AR T 25T 254 i
S5 A M TR R AR AL R, R A i 2 24
T 245 0 s o HRp T RN SR R ML I e AR . B
XTI i 25 HLEIE 7T B TR N, A7 Se i TR N
p53. bcl-2. bax. caspase-3 Z54 A& Pl g i 24
PIAERM,

Jihyeg F L LR p53 mT DA L s P T E %, M
M-SR AT —J71H, BiE fas SR
T2 kg, S caspase-3 [MRIAAKP- Lil; 75—
J7IEL, WOE bel-2 gk, Al bax (3
BAKETEE,  BLRAS bel-2 [R5 K SE R

A S W g R R, A R K E
graphislactone A (1. 5. 10 umol/L) fEH T FLIE
Z 25T 2540 0 MCF-7/ADR 24 h )5, 7% p53 3
)22k, AT 2 2F 3L 2 25 T 25 40 i
MCF-7/ADR IH##T .

i T T 0 e PR R O B A T A
HIp bel-2/bax [F{E. 1EH 12 bel-2/bax [FI{E A
YEFFIEE 1), AT A0 MK G5 S T OR R, 4
bel-2/bax {3y, AR Tk R BIHE], 40
ok e AR, AT AR IR . bel-2 S5 DR g 1 s SR A
2 H AT AN TR DA, n BE B 22 i DA 30
NPT IR . FLIE 41 MO A7 Se AT 254 Canig
PEMLEE S B2 BN . o KR
PR 2T, 5 bel-2 BEDN RIS E DA G . bax s
P AR RERE P IACER, bax I fE SRR v 5 5 2 M
TR0 i A U T I A S o R A R R
graphislactone A 7] LL i bcl-2 mRNA ik, [A
I 3T bax mRNA HJ3EIA, PR bel-2 &P 50k
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7t graphislactone A 5 5 3L I i 2 2 1iif 25 41 i
MCF-7/ADR i T2 45 5 S 2 4 ]

1 hy 2 W A& 12 RNAE T2 52 MA@ 15 die 24 3 [l
%, caspase-3 [MMIE i BEFRIAI 5 AN U T,
ECRIE 14 DNFGEK AT, caspase-3 4 T T-H
PRI NI R, S 2 PR T IS S AR s e
s ARSI MR ST A R W], AR B
graphislactone A (1. 5. 10 umol/L) X} FLIE £ 24
M 2540 ). MCF-7/ADR fEH] 24 h Ja, W LUK
caspase-3 mRNA KiA/K -, 18] graphislactone A fig
figim i L3k caspase-3 MRNA ik, 755 2% 24l 2541
Jfs MCF-7/ADR i T A AU R 22 2R 2 1

TR RS 24593 A 2 245 T 24 R0 s 24T 245 2 Ao i
I IR 22 24 i 24 J2 i 6 40 1 G 52 24 ) 8Lk 1 B 1)
ML, AR R A0 s — My 25T 24
(1) [ It 0 5 LS5 A TG 00 VR FIATLTRIAS ] P FE A 24
W AR X IS o IR 20 I 22 2451 2502 2
Rl AL R T 45 5, Horp P-gp /120 2 241 24 02
22 ML) 243845, P-gp A& — i ATP A (1) 5 I A1
WA, AR AT 25 HE AR L, AR A
AT 24 40 1) 85 BRI AT AS e A 2803 BB i g
AL, M-S EUR 4N e 25™M. Graphislactone A
AL Pgp EEEHREKFMWER, WY
graphislactone A n] Gt #l] P-gp £ Rk
LRI 22 20T 2540 il MCF-7/ADR 2 251 2

AN SEZTIM T F A TR ZEN IR B IR 228
ARG, X 2 Rnrte/NER
FEHURAE R 25280 R, Graphislactone A
K R SR R IR R AW . AT
37T /NS graphislactone A BRI 5%k, I
RS ARS8 40 0 MCF-7 FISL e 22 241 24 40 g
MCF-7/ADR (141 {8 2351 - Graphislactone A i S .
g6 22 24T 25 40 g MCF-7/ADR KA T, iIX Al g L
p53 ML K- il B caspase-3 1. 1715 bax
Fl bel-2 [RARXT e, T P-gp IRZIAH K,

S 30k
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